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A-Las less for the horizontal confi guration experiments than for either

the vertical or the HUB experiments. The gages were mounted nea r and

on t he ground in the area around ground zero (GZ)  and on four gun

barrels as shown in Fi gures 2. 1 and 2.2. The gun barrels were 54 feet

hiqh , except the last stat ion was 53 feet hi gh. In addition to pressure

qaqes , smoke puffs and photographic backdrops were used so that the

dynamics of shockwaves could be photographed. Fi gure 2.2 partially

shows both the smoke puff  a r ray  and the ten 50 x 30 foot photographic

screens used as aids to pho toqraph the mot ion of the shockwaves.

Examples of the incident , reflected and Mach-reg ion shockwaves and their

triple-point as recorded against the photographic screen background are

presented in Fi gures 2.3 and 2.4. The two vertica l gun barre ls , alter-

nately painted black and white , are 40 and 60 feet to the ri ght of GZ.

In Figure 2.3 the shockwaves are at about 80 feet from GZ and along the

hard ground surface , while in Fi gure 2.14 , they are further away below

the idea l reflective surface. An example of the effect of an anomally

on the shockwaves ’ interactions are shown in Fi gures 2.5 and 2.6. Com-

pare the Mach-reg ion shockwaves of Fi gures 2.4 and 2.6 to see the effect

of the jet on the smoothness of the shock front.

The results presented in this report cover shockwave information

derived from film records obtained from the vertical configurations and

NOB experiments. The planned hei ght-of-bursts for the l ower charge of

the multi ple 1000-pound experiments were 15 and 25 feet and 15 fee t for

the 216-pound detonat ions. The posit ioning of the charges at the

required hei ghts was accomplished by placing the l ower charge at a

20

—- -~~~~ -.-- . 5. -— -.
—A—---’ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

~
.- ~~~~~~~~~~~~~~~~~~~~ - r —  -— .______ 

_
_-



• 

,

~~~~

.. 
* ~ S O ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~ . . . S ~~~~~~~~~~~~~ 
.

~ 

-

~~
m c

~~~~~~~~~~~~~~~~~~~~~~~~~~~
u’

~v •v-v. .~ e’~’rv’yw~
-
~~~

~~~~~~~~~~~~

qw

~~~~~~~~~~~~~

—~~~~~~ — ~~~~ — ~~~~~~~~~~~~~~~ 
- - 

z v m

‘ 
C ( J  C
(0 L

.~~~ 
- ‘p

S

-

~t 
C L a~— c—I

‘ 
5.

L
3
0’

U-

21



& .S~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~ -~~

1 -.~~~a .  -— #~~- _ -., -~~ -.. ~~~~

4 
__ 

W -‘
~~ ~~~~~~ 

. -

~~ 
—

— __ — —
V

.5. 
,~~~~~~

-‘— 
L

4
22 

- -_.__z_.~z... - — — - 
— — ———-— .



-c

- 

~~~w-

I 4* 1$~~~~~ ~~~~~

“- A 
_

_ _



C A

‘-5.



g i ven HOB above the t- t - i l su r face  and the upper charge at  thrt- e t i - e s

t h i s  NOB.  When the cha rges were i n i t i a t e d  s i m u l t a n e o u s l y  the i dea l

re t  l e c t i v e  p lane was e q u i d i s t a n t  to the two charges , i .e., at two ti m es

the de ’-~i red HUB. Ground zero for the ideal reflective plane is a point

of intersection of the plane to a line drawn from the surface ground

zero po int  through the center  of both charges.  The p lanned charge

pos i t i o n s  for the HUB Events  were 47, 60 , 90 , 120 , an d 1144 feet above

the rea l reflect ive surface.

The t- .-Jo , real reflective surfaces for Phase 2 were natural

a l l u v i u m  (smooth) and irregular , soft ground (rough) wh i ch  was ob ta ined

by p l ow ing the na tu ra l  a l l u v i a l  sur face in concent r i c  fu r row s  around

GZ. The furrows were approximately 14 inche s deep and contained small

scattered ar-xjunts of snow which had been deposited over a number of days

pri or to the detonation of Events 10 and 1 1. Fi gures 2 . 7  throug h 2 . 1 0

;~resent shock.- i ave photographs from the ideal and soft reflective surfaces

of Even t  I ? .

The reflective surface tor Phase 3 was a s p e c i a l l y  prepared sur-

face of Ce-Ae nted soil tn~ ped with oil. The cenent oas mixed o ith the

natu ra l e a r t h  and w a t e r  ~-i~is added a f t e r  smooth ing the m i x t u r e .  An o i l

tu pp ing was placed soon it tu r the water - i~~ :5. added . The s u r f a c e  was

C h .n~ e i  ~er t he HOB Events  to aspha l t  wh i ch extended out to 5.fte ut 70

feet from G Z .

Table 2 . 1  present ’5. in forria t ion on the ch rqe NOB , A l e  i~~ht and

relative t i e  delays for E vents 7 throu q h 214, and Table 2.2 p res en t-,

envi ronrnent~~1 L o t A ( l i  t ion s wh i ch  exist ed d ur i n q sho t t i re for the same

events. (Refs. 1 , 2 , 3 and 1+)
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2.2 INSTRUMENTAT I ON AND FIELD OPERAT I ON

The DIPOLE WEST Series were pho tographed from as many as five

camera stations for Events 1 through 6 and four canera stations for

Events 7 through 11 and backup to six stations for Events 17 throug h 21+ .

The cloud developme nt and rise for Event 1 through 6 were photographed

at three remote stations located at approxi l-late ly 00 (north), 1200 and

2~ O0 at distances of 2 ,300 to 2,500 feet from GZ. The ri~ in camera

station (MCS) -1-i hich housed the very early—time recording cameras , was

l oca ted  600 feet f rom GZ at approxi t’~atel y 90° (Events 1 through 6) or

180° (Events 7 throug h 2~4 ) .  In addition , shockwave/surface interaction

was photographed f ro m a camera station located 1 ,000 feet from GZ at

2700 (west) for Events 1 throug h 6. The smoke puffs and photographic

backdrops which were viewed from the main camera station were used for

Events 7 through 2L i .

The hi gh-speed cameras were not only located on the ground sur-

face at the main camera station but also in two tower locations 30 or

57 feet above the ground depending on the separation distance between

the charges. During the HOB series the shockwave propagation out to

ove r 360 feet from GZ was photographed from two additional stations

(A & B) which were situated to one side of the main camera station at

locations which kept the backdrop screen s in view . Tables 2.3, 2.L,

and 2.5 present camera info rmation for Events 7 through 214.

The Defence Research Establishment Suffield (DRES) was responsi-

ble for the timin g and firing (T&F) and the smoke-puff technica l

photography;  whereas , the Denve r Research Ins t i tu te  was responsible for

the technical photography of the shockwaves along the rea l and i deal
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TABLE 2 . 5

DR I C~n- cra Fields-of-Vie- .- .- for Shock-.-iave
Photog r w h’,’ Events 17 Through 21+

Fastax I Fastax 2 Fast .~x 3 Fa stn x 4
_______ 

(It) (It) (ft) (It) (It)

17 GZ-50 50— 1 00 100— 1 50 150-19B 198-250

18 GZ-50 50-100 100-150 150-198 198-250

1-5 50- 1 00 1 00— 1 50 1 50-198 198-250 250-300

2’) 100—1 50 1 50-198 198—250 250-300 300-350

21 100—1 5 0 150- 198 19 8—2 5 0 250-300 300-350

22 100-150 150-198 198-250 250-300 300-350

23 100- 1 50 150—198 198-250 250-300 300-350

24 50-100 1 00-150 150— 198 198-250 250-300
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re f l e c t i v e  sur fdces wi t h the photograph ic screens in the back ground and

.ilI other ,ls;’L’ cts of the d&- tonot ion phenomena.

T~~ O RES T - -~ bunker was l o ca ted  a p p r o x im a t e l y  1 ,5 00 feet  Iror~

‘ 7  nea r the BRL rec ording van wh ich contained tape decks and cond i tionin ”

c~ u~~i ’ent -.-j h ich recorded the dyn a r - i i cs  of the shockwave interact ions.
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SECTION 3

RESULTS AND D I S C U S S I O N

The resu lts and discussion fro l-I seven ~ 1 the n ine ver t i ca l  C~,fl

f i gur .i~~ion cxperi ” )e nts (Events 7 throui~h 16) and al l  e i qht of the HOB

experi - e nt s (E- ,’ents 17 throu qh 21+) are presented i n the following

paragr .I;:hs. Event 7 produced a fireb a l l anom aly (jet) which deqraded

the shock.-..i -ic s that developed alon g the real and idea l re flective sur-

fac es i n t~ ie direc tion of t1~e pho tograph i c backd rops; a l so , Eve nt 11+

~-.‘as Jeton ated under poo r a t - b i e n t  l i ght condi tions so that no good

photo - :rap h ic records were available for d.-Cta red uct ion . As a result ,

Eve nts 7 and 1~ data are om itted Iron this report.

Fi g ures 3.1 tF ’rouqh 3.6 show a sequence of pho togra phs of the

i - - ca l is Ira’ Event 8 .-/ b ich ‘-‘ crc obtained from t-~-io Si rA u l tan cou sl y de to-

nated 1 ,000— pound pentol i te spheres posi tioned at a planned HOB o~ 25

fee t. Fi ;ure 3.7 presents fire b a l l  sequences fror - sim ultaneous and

nonsi nult ir eous deton ations which -4-.’ere obtained fror’ 216—pound p e n t l i t e

‘-q f’eres placed at a p lanned HOB of 15 f e et .  Note how d i H e r e n C  t h e

‘ le ) ” - c- t r i es of the Ii r e f a l  Is a re  a t  s i  r. ,~ la r  t i - c s .  The upper charg e

.-ias a 1 - - .i~~s detona ted be fore the Jo- ic r cha rntr dur i nq the nons i nul tdn~~uu~

eve nts. The planned separation ti n e of 10 milliseconds - laS the lar cst

val ue used. This ti n e incr er - r ent -oas s t i l l  short enoug h so as not to

ca use any advers c effect upon the second char’~c prior to its detonation .

F i n u r e ’, 3 .8 t h rouq b 3 .11 pre sent shockwaves ‘a’neratcd ,it nearl y s i m i l a r

t i - ’ -~r ’ from the e -ien t s A r c - 1e n t  c i  i n Fi gure 3. 7.
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The nt ,i w h i c h  t o l  b r-i ‘.-iere de n / c d  I r a -  hi g h—speed  phat ne rap h ic

,‘nces O~ 5 ’ n ~~~,- 4 - i V ’S obtained wi th the aid of the photograp h i c  back-

drop s . Shockwave data derived from the sr-uke puff array vii l b  be pre—

‘ - tm  ten i n ano t her doc u—ten t r h  i ch r i  I I be fo r t  hcor r i ng from - the Un i ye r si r y

of Victoria , B . C . , Canada .

T he p o s i t i o n — t i m e  d a t a of shockn,’)ve’~ fro~ Events 7 t ’r ou qh 16

rere obtaine d over distances of ap eroximate ly 35 t o  85 fee t from 07

d l C n , H t h  tHi: rea l and idea l reflective surfaces; whereas , free—air

m d  , C C H — r e n i r n  shockwaves ’ p o s i t i o n — t i - - c  data m er e obtained at distances

ra nq i  ny ao - ~~4- r f er e  from 30 to 360 feet fror CZ for the HOB Events 17

t t m r o u : t ’  2~i . L cn st—squares 2nd l leA ] r a’ c u r v e  f i t s  r- rer e  ma le to  these data.

T i - - e— af a r r i v - i i d a t - i  rere der ived from these curve fits at five foo t

flC r (C’rcn t s over t hi - ran qe  of  ne.i ’~ r m re )-en t S ade . Slopes ( i nc  r e en t a  1

.“.- l o c i ’  in S) --c rc fi t e r A l i n o l it these sane dist a nces. These ve loc it i e s

ni-n used in t im e Rank i n— Hu i j on  io t  e q u a t i o n  to ‘ l e t  -Ani l i ne  peak over—

pre ’.surc -,.

I H, - si nti l Lane ~t or the t inc d i f f - en t i a I o t ‘ ~~ It ip be - l e t - n—

- i t i O f l s - e r ’  d e L - m ined .hato ’rr ’~i p h i c i l  l y f r o m -  Dyndf.’)x ca- era record -~ ob—

t i  ned at over 2~~, 000 fr om - s’s p el se con i at an ex po s u r e  t i m e  f under

n C r  mi cro ’4ec ond  and electron ica l l y wi th tape recordi ni equi pnent . The

p lo t ’ A ’;rap h i c r A  - a s i nd i ca t c l  that the efra rqes detonated on the averaqe

vii t m  in ~ micr osecond ’~ of each i t  ic r f u r  the simu l taneous detonations

a n f  .- i i t  I in “iO ni croseconds of the prescribed t i inc d i f f e r e n t  i a l  for the

nonsi’-’u lt , i i t- ojs detonations.

50 



3.  1 POS I TI ~0—T I ME DATA FP(j tl EV EP TS 8 T l t P U m J I i} l  16

The DPI  p o s i t i o n - t i n e  c u r v e s  fr an shc~~
,,’ - i ’ j - - 5  I - n t m ij ro phed dur ing

E v e n t s  S t h r o u ’j t i  ft are plotted w i t h  BRL gape data  in Fi gu res  3 . 1 2

t r , ~ j qh 3 . 3 3  a lona both t l ’ e  rea l  and i ’ . f ea l sur 1aces and in frei”- ir (FA)

- . i t h  t~ e e x ce pt i o n  of  F igures 3 . 12 and 3 .13 - rh ich  present  rn- - - pos i t  ion -

t i m e  r l ,it a p o i n t s  obt a in e d fr ’ -- - DRI pho to r-iphic records. THe ’,~ t iC )

l i q u r e s  ire p r e s e n t e d  t o  shor-i the deg ree - f  v a r i a t i o n s  in t h A _ .’ rn-

pos i  t i o n — t  i - - m e data obt a ine n p h ot o ’ i r o p h i c a l l y .  Due to a l oss  o 1 th e

~~C t - r a t io n  / e r m m  s i q n a l , BRL t i - - r e — o f — a r r iv a l  ca pe d a t a  are m i s s i n m ;  1ro --

C ent 5. M a c l m  pos i t i o n — t i - - c  d a t - -i d erived fror ’ the least—squar e s par a—

bo l ic  c u r v e  f i t s  to the ra - .- .- d a ta  i t e  p i e s e n t e d  in Tab les  3 . 1  t h ro u ;h

~~ . 10. F r e e - a i r  shock.,-nve p o s i t i o n s  - c r c -me a sured C r a m ti-c center of

the urp ,er charpe (CC) duHnq the nonsi - - - u ltaneou s detonati ons o1 E v e n t

13 a i r  15 .  Due to poo r a bl e n t  li g ht, [vent 15 p o s i t i o n — t i - c  Pit a ar - c

I’  i t o  L i  F/- anl’ j . [ - ‘ c -n t  16 , H t q r a ph i c records lid no’. a I b oo F/-,

- i-- c — of—a m i - to be oh t m  ) n ed  due to the ur n I 1 t ~ ‘ d i l l  ( - r e n t  i il o ‘ 3

m i l l  i s e c o ’ r J s .  T’rc - BPL F,~ pa- c iota  furn i shed ii th the O R b ‘osi t on-

t i e  - io ta err obtained at page d is tances I n n  ~Z of 20, 30 , ~C) and GD

fe-c t at a ‘ m c i  p h t  ot  30 len t o d o v t ’ t i m e  m - und surface. ‘Inc di S tance~

f r CC to t C ) e5 e - r n - e s  q u o  slan t r m n q t ’s of 22 .!, , 3 3. 5,  hO .)  and 0 . 0

f e e t .  (Re t s. 1 and 2)

There is m l e ner al 1- , qood corr e l at ion bet A n - f l  the ; hm t m gma ph ic

shock r-iave ti ‘ ‘—of —arrival dat, an mi i d -  qaqe d i i i for tb -se eveats .

There a re sonic di f f e r c - m m u m - - , bet  amen t h e  pho tor iraph ic r i o t - i  ar- ,l the i - i c

d a t - i for a f e ,  of t h e  ever ! S . Since the photo qr led o-~~i Lion s 0 ’ t He
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[ I F O LE ~-i~ ’ I  E VENT 8
P H ’ ,~ I ION TIME PLUNC ~EPL i3U~ FP1

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
. ~~~~~~~~~~~~~~~ 

.

~~

T I~~F (M I L L I J I U N I I ’ , )

F i puni - 3.12. Shoc~~i , m , -~’ ‘oSi t i o n— T m ,e - n o ’ O R b Pfm ’ t m q m - i; ’ h ’ c Data
Point’ , A lon g -n- - il k e lb ective Surface rr ’,m n Evt-nt 8.
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Fi gure 3.17. DRI Shockwave Position-Time Curve Along
Ideal Su rface From Event 9, HOB 1~ Feet.
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Fi gure 3.18. DRI Shockwave Position-Time Curve and BRL Gage Data
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58

- - - - - - 
~~~~~~~~ 

S



0 -
C
— D I I I  ~F ‘ ,T f~~[N1 15

POSITION TIME PeON& 1DEP1 J~*Hnf-
UIIHV F IS FROM DAt DQTR
D I 1 LHF T E POINTS FROM 8A L m ,kf~~ I k IH

AC) -

*
CD~~~ -

U

- I - - —‘-- ---.- -L-~ -~~~~~-------- —_._ 1 -.- _L ~
_ J

r,J
0 5 10 15 ~o 25

TIME (MILL I SEICONIJS,

Fi gure 3.19 . DRI Shockwave Position-Time Curve and BRL Gage
Da ta Alon g I dea l Su r face F rom Eve nt 10 , HOB
15 Feet.

59 ,2

a
— A__ - ~~~~~~—_- - -  - ‘— -- -

‘ A



• - ‘ A -  - ~~~~~~~~~~~~ - 

!~~~~

‘

( f l 3 4 )  /0 ~.4Ph 4 ]ONEIISIO

60

-_ - 
- --



ci
-‘C ___ I Z

- 
cc

~1:3 .-

- 0 ) 0
- >

C- LU
:3

- AL__i
- C-
- - - 

U-

I- C))
- 1 0

- ‘  - O ’~-* A - — C
- -  - - - ‘ : 3

- ‘--  U_C
- .-

- 
- 0

- - 0)
I - ‘ 1 —  > —

- 4
- 0 0 -

• -
C- ‘

~ L/_C Ci)

cc r~~ i.f\
I

r A , 1  -~~~

0)

- - - - 1~~~ - - - - I ~~~~~~ 
31, ‘ii 09 oc o~

(fl3~) /0 k~0Fd
j ~J Ntf i ’iI0

61

— — — - . ~4— -__-——‘--—---- ‘.-~L,_ .n_~~ 
_-‘ - ‘ ___________ a



I~ A - ,C P, ’- - ( ! ‘ 4  .* ~ I 4  F , IA

- ‘ A U A A C - ’C 4 A i  1)) A ’ - ~~~~~~ 1 ’

- , 1 . ’ 8 ’i1,4 ‘ -‘- I

9: 

/

/

- 
- ~ * - . - 

‘S 7W ~~ ‘ C . € ’ .  II

I ,,

U’ 1/ ’

0 
/ /

,1/

0

/ / /

/ LVLN T 0 (ROi)Gll i

______ - A - I - ~
0 tO i~ 20 30 35 40 45

TIME (MILL ISECOND S )

Fi gure 3.22. OR ) Shockwave Position Time Curve s From Eve nt ’~
8, 9, 10 and 11 Along Rea l Surfaces.

62  

---- ----—- — — -- _ _ _  
- - — -  - _



A !  A’,

MA C t-s PA! ’,- ‘~~ *~ s r”t~ € FOR
- - t~m SURFACE S

S

E V F N T  0
- ,

/
- C ~~~€ V E N T  II

///
/ ,,i/ --

~:

“ 

~ ,; 2~~
’ ,~,/

/ / /
/r
’/

~
V
~~~

t 9 ’ /
2 _ , I A j , L 4 A A A j A l _ ~~~~

_ . . I - - ~~,~~~~j~~~~~~~~~~~j ,_ . , I
S 0 IS 20 2S 30 3~f 40

T m M E  ( M ILL I SE CONDS)

Fi gure 3.23. DRI Shockwave Po s iti m ’n-T im e Curves F rom [vents
8, ‘ii , 10 and l b  A long Idea l Surf ,i , - s .

03

- --~~~- - _ _ - — —.- -— . ‘ ——-3 “-



U1~~~DLE NLST VENT 12
E1 i ~~~~~1 T I O N  TIME PLLINI , ~EPL - 

A !  H~~ ~~~
CUf~V E IS  F’HOM OHI DPTk
DISCFWTE P O I N T S  ‘-‘hUM 8HL ~ ~

/
~Z

/
7

/

//

~~~ 4. - - - I - - - I - ~~~~~~~~~~~~~~~ - -
S 10 IS 20 25 30

T I M E  ( M I L L I S E C O N D S )

FHm j re 3.2)4. DRI Shockwave Position-T ime Curve and BRL d ( e
Data Along Real Sur face  From Event 12 , MOB 15
Feet.

64

- — - -- - - - --— -- -‘ —~ -— - -- - 
a



~~~~~

‘ DIPOLE ~L T  EVENT 12
POSIT I IN Ti MF PL LJNI I DPHO ORE Hi J-
C U RV E  IS FROM UHI [J HT R

DISCRETE PO INTS FROM BHL ~‘ /H I ,~ DHT~
*

/
Z

c _i
Lfl

Lu
LU _ -

- -

- /

~ 
C-

- 
C

A _
Il

A I’— ,‘
-

(i-I

C]

*

ci - - ~A___~ A - 4., 1 - C),_ _~, J____C),___A_ - 4 1 - - - A 4 —

—O 5 10 1’~ 20

T IM F (M ILL I’VC ON [l

Fi gure 3.25. DRI Shockwave Position-Time Curve and BRL Gage Data
Along I dea l Surface Fro m Even t 12 , HOB 15 Feet.

65

~~~- -‘- —- - -  
~~~~~~ --= - - - -~~~~~~ 

. 
~~~~~~~~~~~~~~~~~~



- A/r

- :3

• 
_

- 
—‘ : 1

—i --A
- cc

-3 ‘33- r i O
‘A r/m

I Ci)

A— ) - ’
C

I - >
-- U-i

C O
- O L
\

- __4

• a ‘ - A/_C AL)
- —• 0 (33

I -‘A
0 - - C

- ‘‘

3 
4 2

- 4 
‘ .

- c-i

- - - 0)
- - - 3 c c

~-A 1/
1 - C-I_C on

-I - - ’ C
1 .  - ‘ — O

A C -  - c c —

- LI_C
- ‘0 
-- - c_-i

i _ _ A .—.- ,
AfO I4.I,

a - - - ‘ on
41 0_C - U-

C - I A  o r ,

L_, , . _ _ A . . ~~~~~~~I _ . n_ ._,t- - - - . I ~~~ - - -.-- - - - - l . . ) -

0u ‘ ,~
( 1  1] 3 )  /0 h- ’~~ 4 1 lNH1’~l11

66 

~~~~~ -~~~~~~/ _ - ~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~ .- -  a



v_C
‘0

- C
:3C- 0

- 
A_A

• 
__ -

~- ~3 3 0
- 0 0

ci
0 ) -

- c _ C .-
(0

4,A

- c c - 0
- m ~j

~0 (33
C O

0) A”-’
- > . —
- C-

C- :1 -i
C-i c

1 0
4_ -~~~ 0 >

1 W

S

I 

•

-
I 

i _l_~
- ‘ 

- 7
A- \,

A
-

- _L - ‘ : 3 —

4 
1 ‘

N ‘f—
I I  0

rA A,! ) AL”

Ii I —I c c —

I L ! )

- - N-

I I -
- - - .  ‘ 

r.m

0)
C-

--  i7
A- _ A on

C , ,  1)1,

- . . — — A I — — - . 1  — — — . 1 .  — — — C - .  — — — 1 , _ i
CII (C- A k 1, “~ OS

. 4 - / ‘  ~r 1  4 s- . I .

(7/

_ _ _ _ _ _ _ _  - - _ _ _  a



- , F ~-.F - I C- 
~F ‘I T S  H —51 12

— I i - ”
S I~ F ~-~ - HNI~ C-/ k: ,i f t’ C-

~~~I F
- - H SOLID L IS F 12 I k ’  H L I SF

/

/ 

//

/

/

/
/

F - - -
C
-

/

‘ 
- - 

C - U  
- - - _ 

‘ , 
- - - - - - - - I- ’ 

- - - 

~
, 

- 
~

‘ -

IMF ~~I LL I - -I A I I N I /

Fi gure 3.28. Comparison of DRI Shockwave Pos ition-Time Curves
Along Flea ) Surface From Event 8 md Event 12
Scaled tO 1 ,000—Pounds.

68

— - - - - -—-—--—---- . a



0,

I ..~‘ T F ~ - 8 HN[i 12
— - -~ F : 1 ‘/ I’ I u
- C- - - :~~~ : ‘  I N T I  ME ki NI - 1 F l-I l ~ 1 IHF 1 1 (-

~~ 
H SOL 0 ~ 1SF 12 k’ ,H L I NE

-‘I’

/
/

/

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~TI ME (MILL I SECONDS)

Fi gure 3.29. Comparison of DRI Shockwave Position-Time Curves
Alon g I deal Surface From Event 8 and Event 12
Scaled to 1 ,000-Pounds.

69

- a



DIPOLE i-JEST EVENT 13
POSITION TIME ALONG REPL SURFRCE
CURVE IS FROM ORI D~ TP
DISCRETE POINTS FROM BRL ORCE D~ TR

c i-  *i~0

0~~ *

C]

U-

U_J c i  -

z

Cr)

C

A l ~ A - - 0- . ~~~~~~~
S JO IS 20 30

TIME (MILLISECONDS)

Fi gure 3.30. OR ) Shockwave Position-Time Curve and BRL Gage
Data Along Rea l Surface F rom Event 13 , HOB 15 Feet.

70

‘‘ ~~~~ - 
- 

_ _ 
- — 

_ —



D I F L I l  E ~EO T EVENT lb
POSIT ION T IME PLIIINL; HERL SURFRCE
CURVE IS  FR OM DRI DRT R
DIS C RETE POINTS FROM BAL URGE DPTP

*

C ”

—,

/

/

/
1 ’ A

/

U]

C]
A A 4. ,A ~~_ _A__L I - - , ~~~L,

5 10 15 70 25
TIME (MJ LLISF CUNft5,

Fi gure 3.3 1 . DRI Shockwave Position-Ti- ic Curve and BRL
Gage Data Alon g Real Surface Fro m Event 16 ,
HOB 15 Feet.

/1

- - - - - - - -- ~~~~~~~~~ 
_____ a



C)

D 1 f’ Ii l E k-JEST EVENT I -I
F - i  I T  i l l s  T I M E  IN F-’HF- E 818

- ‘ ‘ : H ~ F IS F80M 081 DF4TF4
DI H L T E  POINTS FF1OM 8FIL I;k1j~ LlkT k

F —

U-,’
U- - -

C,)
(~)

~

~~~

‘ t 
-

4

D - -

- ~~~~~~ - — - - - - - -~~~~~~~ -~~~~~~~~_ - - — C ~~~~~~~~~~~~~ - - I - - — -
- ‘ S 10 15 ~~-

TI ME (MIL (_ I ’ ,)’flLINI)’ )

Fi gure 3.32. DRI Free-Air Shockwave Posit ion-Time Curve
and BRL Gage Data From Event 13.

72

- - - - -~~~~~~~~ --- - --—~~~~~ ------- ---- 
- 

a



[ : 1 1 1 1 1  ~ F ‘T EV EN T 15
F’ [j,I l ION I IME IN F8EE 818
l, I J H V F IS FMOM DhI 08T8

~ 0 I’ i iH~ TE PUI NTS F8OM 8~ L GPGE D8TP

U-
C-

A/_C
C-,

/7

L 

/

/

4. ~~~~~~ ,,.,_L_~~,_~_~~
__ -, _ A 

_
,,,,,

,~ ,,
, _,,~~~~~~~~~~ _J_-_A___-.___

~A_—_- ~—----L------U----’ -—---- -—-’ — I - — — - - -, C-
S 10 15 25 ~

)
TIME (MILL I SECONDS)

Figure 3.33. OR) Free-Air Shockwave Position-T ime Curve
and BRL Gage Data From Event 15.

— -

~~~~~

_ - _, —



a CA C, C w’
a — .

La U t-~ a, A l t  ‘ —
C) tlfl —
C a.—
5, U,
a
-A

I

-. —
O ‘AU)  -

a~ a a ta .-~ — a-’ a.

— Cl ~ .W)  — — — —LA

—

C,

LA CaC, a 0 0  0
a 0~~’C.)A C A l  C

• - A  a-I A/I S’C -‘ fl
a CC- t l.. ~~~ -,

~~ a —
— U
41
a
.0A 

a
C •,~)
U- - MA C
Ill — — Al L.a F- 0

LA ,a A-a
LA LA - a-’  . .,. ~-. —
A l a ,  LA (C t - — S

CA
A IZ  CA
3 D  3~~~~~Q Z Z
a LI — a LA a a
~ ta O~~~~~—- . -C

a - a  ~~~~-- .
U- C., V)~~~~~— C C U-
a, ,a , .  ‘A z a az
-.a C LA 0 —  0 C C -A ‘A
S Al A, 3, — 3, 3. 41 41 (‘a C C LA C (‘I C C  0 1)

— Al U, C I — ‘ A L A  4.1 1 0
1 A - C a, CA — V) I., — — Cl.’ C U, P 3, C’. U’-’ I) ._ S - C

Lii LA a a ,) — l.a 1.6 UI MI C S_C V _ C C  C — — (‘A (Ad — —
ALA 1 3, 0 ‘A 0 ‘A l a  — U) U, Ca 3,
3. l.a (‘LA 5, 5 0 C) 0 0  a
— • U~’ 0 - 3 3 ,  4,
LI 0 1.6 5, 5, C LA 3,

— A, U £ 41 3, S LA
3, 3. ‘A 4 10 0  Cl
-_ C U) VI U-
J R  I i  0 MI
C 0 0 -LA L A O’-  Z a —

~ a £ 0 C_ _ C,  4. 3, F-’ 0 5 C 3 , e C  U”

‘A U ‘A CA — LI
a C ‘A 0 U— C * * ‘A 0 C’d C C a. C C a. A_Cl s -_C
• S 0 .1, — ,. *0 —~~SI 4_A l C_Cd Al ‘ 1 P_C

• _a 3 ,~~~~~ — S
4.. C l . —  C)
o 1* .,—  -.
• ~~ Z C
l.a — aa C —. - --
— a
— 4~O ‘A

U- 3, C (‘C C 0 P_C ~ - — .  C ~~ Al ~~a C a —
I VI .-. ~~~~‘ C C G’ 0 t C 4 1 . Ca a ‘A r e A

LA
— C
41 5, 3,
o a

0

LA
C
IS
LA U)

5 5 .  0 C C t0 . t O t ’.• C
s- U)
I.’ S

LA
I-)
a —
-C U- 0 0 0 0 0 0 0 0 0  o o o  0

;~~ CA _ C C ) t Q e A C ) U ’
— $ ‘ C C A l t t C U - P.~~C C C
a

714

0 :_ , 
- —



a t -  ., C) C V

U- a. C V —
Ia L.A a-I WI WA I’- 5_C
CI • U J S -.

— a
a

I

LA
0 ‘A L )

a-) 2 S ’A
IA_C — _

LA — C
A

LA LAC, 3, C) C)
a L A -’  5

LA c. .,-. n. a. 03, 4.4 La .0 .fl U- 0 C
C —~ • M Aa  — —

• a —
5, 3.
a

‘A LA
C,)
£

• • MA
A/I I- s- MI
—. _ . _ a , A _I
ALA A ‘ C _ i

a W C - 0 —In
.61 54_C U)~~~~~P_C •
D O  — CA

Al = ~ — — —
a c  . a az z—
4 4 ,) — 0,4 ) L A - )
C L I  0~~~~~~~’ C3, 0 .‘- .-

(4  — I,) VA — — C C —
a-’ Z L A  L.a £ 4 1 4 1 i

a. LA 0 — 0 C C 4.6 Si
2 VI I 41 — — 46, 3, 3, 3, — — (‘4 11 — C C a-A a-A

— In a C I — 4.4 44 4.4 a LA
LU 4.. 4 S C V C V I V IL., C V I — .  C, .’5 C 1 _ C S d \ C P’,C A

,4 — a a Ci — 3, 5, l.a La MIMI  a. C F-’ C S_C C _C (Al

Ct 0 a (S ‘ A L A  4 .4’A  I” Ci U, ‘A tU, LA CA 5, S C, t A O  C S
C U -  0 . ‘ S C 3  5, 3.

I— ci  - C O  — ., 1.. C ~a a
..d S, 5 5 t h  S
3- 3 .  4 . J 3 O L A L I ”C C j  U) —
,J 3  C I  CA VI I
C - A A 1 LA ,) — 7 45 —
C a 4 0 U-’ C, C r U- V CA CA C Al - a. a - -  C3, , 0 SiC)3, C 14 AS — C S S L.a C C O  (‘a C -0 C — C
C S .3 • 

,. VI — MI (‘I CC

• I”~
— C E . —  4-A
LI IC) - ’ .  —
• ,. a

* C — . -  
— C

o L.A
— a P. U, CC U’ — CO  WA a. C
o
1 1 VA .-. (Ii —, 5’ C C a. — (Ad —, I-’U, 5. I. ‘ VA 0 3 U’ C 5’ C C —- 1 —MA 3 , 5 , 3 .
— C SI -
41 4-’ 3,
0 3,

LA 

1.4 5_C 11 . 50 0  — C C 5_C 5’

— S I.  3 0 5 . 3  3,3.1,PIt 

— a

45
I-)
a-.-
C U-  0 0 0 0 0 00 0 0 0 0 0

WII- CA l
—
0

75



Ida
C C t C 3 0

C LA ‘S - • •
C V1 C U -  11 0 I’~

‘A MA MA V_C • C V_C s. CA

Ci Q L . 4 U, —
‘C 3,
I- U,
a

U)

£
I,
LA -, 110 C S 4_C
0 4.4 1) . 1

A/I 3, a L a  C a .  -‘ C
‘--‘- VI — — 11

a
—

C

A,

LA 44
53 3, 0(4 0

a 0 — S  - . -LA C In .’. C-C C
41 Sd LA A/l A/I C a. Il
3. 5.4 & 5 . U ,

C 3 , .
— U,
a

L.a LA
4,) C_C — .‘.~~~~~~~~ .‘.-. .‘.
£
— A,) 4
— . I l_A -C
A/I C- 5 ” V I  4.6 OP .  U-
— 5. 5, 1 LA .1 .,)
LA A — I _ i  C C  P..

I’5 V_C —
VI VA L A . C A  •
D C ,  0
f l i  LA
0 0  S 3 t Z S~~~~
LA LI U- ‘,) .iO LA 

I LA — s - —

VA I c )  5 Z 3 4 1Z
L O  ‘A — ID — LA C C 4.4
• — ~~ L ~~ — I— 3. 3’ ‘3 3, C C C C C C

.11 3, C t S” 4 . 4 L A 4 . a  C L A.”
Lii ~I, U” — C 1, 1) C VA a-C- — C VI — CA CA CA CA

4 £ S C CI 3, — AS 4.4 VI VI U” C 5A 3 PIP.
C ALA L.A LA 5) L.a — I,) 3, ‘A 3,

Ct 0 — S 0 Ci 0 0  C 5C ‘ , d  — ~~ I’d C a,
I-— LI C 4 .5) — CA C -.A S

A S 4,3 5 ~ , C S -4
4, A, .IZ A OL , ) —
-. C C A,) .14 U-
A l  II ALA MI I
• 0 LA A,) ,4 O A —  7 L.a AS
A C A I- U’ C, -- 4% IA. CA 4, — 0

— - a — — ‘A LA M A L I  . 5 . . -.3, 14.4 45 — C 3, R C a  ~~ — CA WA C O
C A, U A. C C — .11 — — — CC
• 143,  C 5  U- S

C L .  ‘- 1

‘A L U )” -
• ,• C £— — a

CU- LA
o ‘A
I,- 3,
a
j  C Sfl ..I C C a .’ r  (‘A U- —
t 5, 5, WA U’ ‘a U” C C  — - PA- I’

IA

— C
* ‘A I,
O 5

a 

1.4 CA
1.1 ~S A .i

55.

— S

-.6
I,)a —
— — 00 00 0  0 00 0 0  00

ISA : C C A l 0 V A O V A I ) A l C I - V~ C4
—
0

76

—-‘- —-----—-— -‘ — C. - ,~~~,, - ‘----——



-

‘ \
‘ ••

-~~ ~
‘

5
’,

’ •6’- ”

.5 A A

- _J -‘S ~ 14 1)

A - ‘ 0

- - L ii  . 5 )
A 4 , 4 ) )  ‘A

-~~ )A 1 ,,) .a . r s ,
- , —. ‘ A ’ S  A . ’ -  A a  5 A -‘N’) 4~. 4 - —. 4, • 4 ,~. ‘. — LA ,J S

A . .. 
- : ~~~~

Ct - ~~5 L L ’ ,. ‘-AC A ‘~ “ d  4
I—, ~~~~

C l ,  .11 I J J ’ ’ S

a ?  S t  1’

A 4 , 1  L~ - - ‘‘ A / A

I, 
4 , 55

- C S’ P” ,r ’fl ”q ) i C - A,

C 4,

A ‘ 4 4 _I’, )  - ‘ .1 A C )  -

~‘ A  ( I r A ,  C A 0 ” ”’

77

-‘a — -  ‘-— —‘ ‘ ‘  —— 5- - — — - - .  -



a ( U V I’-- A

C VA~~~ A ’A P a-’ C) C

5,, t 4.J G
a -a

.5 3

In 1 5 _J 51 a. C C,) ‘0
— — ,‘l — CAd I’.

‘

~~, ~~~~~~~~~ 

c 0 I 
4:

3, C I’ — C
o ,._c 4 1_ C Al A S ~ A —

— £_ •5 . Q ,  -,

L.A 
U, 

I.:.. C C 1 1  .4

LA .-~ l , . a  It) C C.1’- C a - C O  — (‘4)
i a_C & J ’ - . C A  I C — S

‘a l~ A ( ,, — 0
- 
‘ 

_ _m II A
~.0I I ~~~~‘0 ,~) Q C  1

—4 5. _ . 5 — C A l
. 4 5  .. ‘. C- CC .’.

a i l _ I  ~, — X 3  F
4 CC IA — * — LA C A .2
£ - ‘ ‘I )  I U I, — 4, 1 - 01 U” 4,4 5, (‘A 5’-

-‘A 454 3, C 4 , _C U -~~ ., 3, ,_, . 4 .

E
~ ~!~!

— 0 0 0 00 0 0 0 0

WA I-’ (A U” CI C’ IA U” C) C Li
— 15 (‘411  U) S C V_C 4 * 0
Ci

7 —~

—~~~~ — 
‘ . “ .“ 0’ t~~~~~~~~ ’ ’-”,’- 4



I I I

44 a L..4U,
LI 3 , ’ -

a

C “ ‘-I ‘1 0 ‘-‘4 0

In I S 44 5 5, Ill C C— — IA) — A_C L 11 C
LA ~- C

a (4 0 I” 5

— 1 C VI — C U” — C
45, ,~ - n  ,~ 45) U_C .1’) 0 C ‘A —

CL 3 4 4 , 41 —

01 5* 5, 3,
a

2 .2 4.)

— “ — C) LA

U A/I C U- C U,
A A l  LA 4 . )  I I I

U .4 1 0 — 1 .4 C a-A ‘I C
VA 0 C 00 0 UA — (‘-II C

~~~In CJ 4U . I  C - S
nO  0.”  0
4 1  0.’” 4 )

~. . O  5 C C - C ’
~~~LI A_ O ’&I LA

C) sA I C  _ c O C
.4 ..L X — L A _ i ’

- “) U’ LA 0 AlA C — - A LA C-
.1) C ‘A A,) 44 .2 2 C C £
5) LA IA .-. A A C) I,) LA .4 5)r- ‘~ 5 VI 5)1 £ 1 — — Al 5)) ‘3 C_c gA C 4_Cd ‘A Si C CC C

4_L a C - ( U -  L.A A _ _ C
l.A A ‘. 5 5 4 1’- 5 ’-. ., 4/I — I, — 42 — C Ci £ - *1 VA A,,
LA — 41 2 I_I C Z — 45) A/A A’S WA 5’ C C 1 _ C  CA Si (AA — —
- I — LA Li £ — 4_i C L.A &

— LI 0 CI 0
C 3,

‘ ‘S_c ‘A c )  4 5 C~~~~~~ i —
IL, £ S. ’ . A -L 3 .3

.12 “4, 3 ,  . 2 . 2_ C I X . S  LA 

I C- C Al’,
- - ( 5 ) _ i I A L AZ  L.a -

— a .1 C. 0 a, C,~ ,., a — U’ 0 A U’ i _ C C .  C —‘

(1 C C CA 4.4 C- — I S 4-1 CI 5 0 a. — C 0 11 C
• 4 4 .5 ,, C — — 5)) .. .,. .5 .‘ . C C  C C C I  i f_C 11
• Cc ’ , 5 , 3 , 5 -  C - I
, Ill A Ci
C - ,  A L l ’

A 
A C C ,  C~~~_ . ’ .. .’ . - -

* 
4.4 4.,, 1-) 412
53 ‘ a — o c’ a. CA U- 0 1’ 5’ C CA
4 1 0  CI Al CA— — I C VA — IA. C ‘a a. C~ 

,-‘ U, CA C
1 0 S I-. f l WA

A ‘ LA
— C 3,
- a,
0 3 ,

VA I’ ~~~~- 1’ S . .” ’ 

S —- CA tAd C U- — C CC O P t S .’ .
A 

S’  A 5, (‘41 3 0 C A_P (“I I 0— — .‘.. “.‘. PA. (‘_ S ’.CI —

4.4

4 C C
C —  P I 0 0 00 0 0 0 0 C ) , 0-) 0 - .

VA if_C WI CS C’ 3,45’  C CC’ C’ —‘ I CA 5 A A _
.5 CA C W _ C S _ C 0 0 0 U- U - 0 0 0A O 3 , C

7-,3



IdA
41 0 0 0 0 0

IA LA CA C I I I
C SI) — C V’S C C a.
44I Sfl VI a. V’S CA CI —

l.a 54.13-
A_I 3 , _ C A
C &
44,
41

0 .‘l C— CAl ‘a
4 4 . 40  I I I I

IS) a S L.A V_C a. CA C —— — C_Cl
LA C- I
‘A

‘-5

‘LA 4_I
41 0 Cl WA C

4 ~~~~LA ”  I -
41 VI 1’S if_C (‘4) 5 ‘0
O I.d ’/) ’M C Si —

3, 44, a.

a a.

CI C 

C C .6
— Li MA
Il_C • I_ A  41
— — I A/I 4., 0 III CC C

4 ,_I I I
LA I _ I  V_C LA 0 0-

CA) C V ’ O O  P.. Ii) .-. — PAd
‘ A M A  C I I S CA
IA_C O — 0 CI

X X  ‘A .C
M A C  5 U 3, Z Z
C, )  U - O ’ A O C ) I I

l.a .1CS’ - f l’ ,J
4 4 1  01 U - U - C

N’ — ~~I/I .5 CI 4-I — £ 4 1  C —
I) — AS C) Z L.a

C I A  j  — VI 1, .5 ,d, — A. a j ~S, C C C 4.1 0
4-A S, C C _CP- 4-I 4-J & 4 1 0

Ui ,, 41 C 4, — C VI VI — CV I  — a-’ C CA C —_J . 2 2  41 Z 0 4 4  41 ~~ L.J VI A/I U, ‘0 5’ C CA
LA .12 45 S LA LM I.4 LI, IdA & l.a 3,3, 5 C 0 Il. 4 5 00 —  0 41 C-

C — ,~ .5 — 0 ..A — 41 0 C .

— 4,1 5) C) ALA C 4-, 4 II.
C

A.., 5. L.a C 0 LA LA I LA 
.4 QA L A,) A/_C — Al)
‘ a t  I A , )  C A.- elI
C C )  C) M 4 L A 4  c_I LA
5.,. 0 a- 4,5 I ‘3 — .5 CA I, U’- U- a. —
a, 11 a, ‘A L A  LA L.A ~~~ 14

S ‘a ~~A AS C It S 4_ ‘0 C 00 1  a-A

• A, LA .3 .-’ — — V — — —
• C13,  ‘- I

C L .-. I,) Ci

0 2 0 5.  —
• 4 —5 C
Ml F &
a .‘ C 
— C
—

O 51

— 3, CI a. I. ’ C V_C CA (‘Al I’S a.
CI C C )  
* 5 56) — if’ U- CA U’ CC U- CC U- —MA V’S VA C -‘ “ I’, (I. —

a 5,3,
— ft -S.-3, 5 &
a —

.4

a
— CA ~~ 

.. 0 (‘Ad a. 0 - - I -C S ’  

a .  CA o C, — 0) 4c C, CAP. ’
5~.U) ——I- S

— C A
C 0 W 00 V ’ Q 0 P ~. 0 0 O 0 O

SAd
0

80

a



— - 4 —

IdA3, 0 0 CI AS AS
. 5 -S  C Al I

C I1A~~.I C WA C C 0-
MI II) VI S CS CA CA —

444 a i s a
1,) 41,4.1
C a
44-
S

CC

II)

3, Cl CA Cd C CA CA
51 4 4 0  - I Al C

In 41 I I_I 0- V_C CAd 0
444 .‘-I A/) — CAd 0) C
LA C - I
LA 44

C 

53
‘C
13 L.a

41 0 0 a-_C C
• LA 4 . 5C C  - S S

— 41 4 VI — 45% CAl C C
LI. — C Id) II) II) C Cd

44, 4 1 _ A S .
VI 4 1 4 4
(‘A C 3, S.

Id) CA —
CI Al C
Z MI S
C C . i •  .1

51 CC)  Mi
VA ‘5 4.4 41

ft II) 5. CA C V’S 0 Us
.5 .dl l_i I S

ft LA 00  Z Idi 0- U’-- P., 0-
VI 04 0 0 0  05 VI CA C
C ) V I  0 0 . A lAS • U - S
UlO 0 .”- . 50
4 1 4 1  0 — _ A S
4_I C S
C LI 11. 04-i I-’ .4

C MA U” C ’ O C
I_I 5 1 4 1  - L AO ’ - ’ -S

U L A  S
IC C LA Cl MI 4 £  ‘C L A ’ 3
511_I V I.’ .  0 L AO  CI 5 4  456

I~1
AlA C VI 5)1 5 41 C — LI) I_I 41 41 0- If) -. C 5 0  0 CAl

565.  5 ) _ IA. 16)14 I C C .
55_C 5, .5 5 VI C — 4.. C VI  5 CL C1 V’S 0- C’A C 0

LA — & S 1,) 3, Z — 4., III II) III U- CC V_C C C 0)
o 0 - LA OS   Ml 5. 456 5.o C, 0 0 5, P.’ 53 C O 0  4,4 3,

C s - s  ‘a — o — —  ~3, 5,

— C i_I ~4 0 AS — C 4” ‘A —
,0 C I  . 3 C C’ 3 4 1 C A ,  41
44 ‘~ 3. 1440 4 4 1. 5

.4 C A S C I 4 1C U ’  Al)
C I  5 515. VI
C 0 . 5 4 5 6.6 Al) LII Z Ml LA
0 5 3-  ‘3 1 3 53 InC LA C CA C C C C  4_ C C   4,
a, II, 41 5 4 . 4  — LA lee IdJ O
41 C’C I.I MI C- 41 41 lId) 0 ( 4 5 - 0  C O  if) V_C
• 11, ‘ C A _ C C CC ~A) (Al Ce (‘Ad
• “1
5, 4144. .  Cl Ci

C
• . 4 0 Z  I
SI — S.
a C C  4-

ft
I” S

MIld) 0 Si
0-0  U’ S Cl — 0 0 -  C U, ‘0 5 0) CA .5004 C
3 , 4 1  0 C L A C A
C C  S ‘ a W l s-. (11 G C C A O .  A0 5’A 0 P - C  . .SC... .-.
I I a MA VA VI C CA 451 CI SC CA () (‘41 .1  —
CA _ A  3 - 5 , 4 1

-. 5, ...3, 41 5,
0 —

C

-I
Si
41
5. CA — 5 0 -0 ) 0-  V’S~~~ (‘A (510) 0 . 5 0 4 5 0 )

C I C C .
.3 u. P O~~~~~C 4, 0-0 .  5 a, .. C C — V - C

5) — s — — (Ad (SI II . 0) CA C A C  5 3,’
A.’ S

-a
C).3,
C U’ I 0 0 )0 0 00  C O  0 ‘00 V _ C O 0 0 )  0 0 0  0 0 U’.

VI 5’. I W I U . ( J S’ 0 W I S’ C  W ’ C A O W V _ CO C A W I C I W I O W I
0 ) 0 )  0) C C VI V_C V _ C C  C C U’. U- P - V  V C 0 0 40 0

£3 — — —

81

A~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ - ‘ - “- — “ -  - .______ A



444
a.

5 4 1 -S
VI A/A

44) 3- 1.1 3-
C) ‘a C,
C 3-

a
-S

L.A 444 0
IA) 41 2 4 4 1

4-’- l
.4 44

C,

.1)
41 0 0 0 V’S

-I 4 . 5 C C
AS ‘ a t e —. 5 11~ I’S .0

L.a 0 4-4 A/I A/I C (“A —
41 1., 41

V
‘a a.

- 4
CA CC LA 4.4

IA_C fr’ ” L, C
LA 44 A., )I_C 4~, CC 0 5
Al 4 4 . 4 . 3  .4 ,,) •

LA 4 4  4” C) ‘0 0
4-, C C C 0 4-’ VA 5’. ‘-“ 0)
nfl C) I-S CA • 1 . - S

C — II’S C,
‘—I 4 .5 S.’ —
C I  3 0

A. 5
— A/I .., ‘-“-~~~~~ ‘~~L A L A
C I’ll — CAl I’ l’.

O’_C 
~~~ LA ~~~ 5 1 Z S C A . -
1, ‘ A ” L A C X  Z 4-I

S ,L 1’ ‘S £ — a, C
4., C S  0P- ,.I 3 - 4 1  0 . 5 - S

Lii LA CS L . A Q  A/_C L.- 4-i In LI)
ALA — a 1 1 ‘A C LI, 0, 4-,4 &

C) ‘, t ,  4. &5 C) 4 .-’- A, ,
CC P’ .4 — 1 ‘.4 5 4,3 CI C a,

L IV  . 5 - 4  4,5 ,., ,., £ —

• “4 5, ,_I ) . 5 LI
4- A 0 - 14_ILfl LI .’. .1_C

I C  S C )  IA
C ‘A C) . 4 . 5 0 ,.4 LA
I a  CC S- P’ A — CA

5,. ‘S LI LA — C aLl
0 C 4 4.1 — C 41 5 4 4 4
• 1 _ L A ’ S ,— .“. I)
MA 0 0 4 1’ .  U_ - C
1 C C - ’.

t E l —  Cl

- - 3 ) - , .  t
z a

a —
S.. a
C LA

CI ‘A
LA 4- 41 (‘I
4., 0 0 I C . . ..

41 2 0 ./1 05 — C P’ C) Cl C

I. 3- I., IA’ VA C. C.

— I., 41
“C ’

‘5 ‘3 a

II
L.A
41

-S U, CAd C U.

V I’  C

LA

£
C C’  C O O W A 0 C I P ’ -. 0 0 0

OI CA CI CA W _ C C O W ’ OP’
5. C 4 F 4 I ” _ C C A C C C W _ CV
C

82

— _-‘.‘ ,~~~ - A~ -



0’ I 0 0

C V I S ’ S  CS 4 5 0

14 & l l.4~~~
5.2
C It
4.’
41

-S

C ‘~
414 ‘44 4,) S C I

Ill AX 1 4.,I A’SI 0 454

C) 4 - a
C,

41
LA
41 C V I -.
t ,eI 4 111 .11

LI 3 - 1~~~0.
C 41”’
5. 3,

4.4 41
ALA LA
V

4- LI LA

— A.’ Ifl 4-I “1
.3 L S . C S  ‘.5 ,4 L A

‘A 5. 5 4 1 )
Sn ‘ 1 1 10 0
L A S _ C  4~~ .,s 0) • 4 , 5
1)1 0 s-C (SA .44
4 1 4 1  4,) 4 - - -
I s -C  7 t Z Z

Ci “ 0 4 0  ‘ A _ I

Ii 
~

C s -

1)15” 1,’ 0C,I
— “ e V I
C)

— - ‘ 
- ‘ ---—— 2,’ _~~,,, a



shockwaves were measured to the actua l GZ , part of the difference

between t he DRI and BRL data for these few events can be attributed to

some discrepancy i n  the assumed gage distance to that of the actual

dis tance from GZ which could have produced a later tine-of—arriva l at

the gages. Another condition which may have caused some divergence

be tween photographic and gage pos i tion -time data is the fact tha t the

gages ~4ere at differen t azimuths about GZ , therefore , any asymmetry in

the shock envelope could have produced time-of-arrivals which were

varian t in the direction of the gages. The DRI photograp hic  shockw ave

posi tion-time data for Events 8 throug h 16 were determined in a p l a ne

through the forty—foo t , gun barre l , gage sta tion .

General ly spedking i t can be said tha t the photograph ic positio n-

time data compa re wel l w i t h  the actua l gage measured val ues . As was

expected , the slope of the curve f i t  to the shockwave p o s i t i o n- t i m e  data

was greater for the i dea l reflective plane than for either the smooth or

rough surfaces , except for Event 8 which  were about the same . ~n

addi t ion , as was expected , the slope of the curve fit through the shock-

wave pos i t i o n — t i r - ~e data was greater for the smooth surface than for the

ro ugh s u r f a c e . Except for Event 8, t he curve f i t s  to shockwave pos i t ion”

time data along the real surfaces appear to diverge from the curve fits

along the ideal plane at later times.

Fi gures 3.22 and 3.23 present curve fits from Events 8 through 11

for the rea l and idea l surfaces , respectively . In Fi gu re 3.23 note tha t

the idea l s u r f a c e  c u r v e  f i t s  for Even t~, 9 and 10 are about the same ;

whereas , there is an unsuspected difference between curve fits for

814
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Events 8 and 11 . Also note tha t there is a shifting of curves to the

ri gh t as expected with an increase in HOB.

In Fi gure 3.22 for a g i ven NOB the curve fit for the roug h sur-

face is to the ri ght of the smooth surface. There is also a decrease

i n  slope which is indicative of a reduced shockwave veloc ity. In

ad d i t i o n  both curves (smooth and rough) are shifted to the ri ght with

an increase in HOB in a similar manner as for the i dea l surface.

The nonsi nultaneous detonations , Events 13, 15 and 16 , were ob-

tained from 216-pound pento lite charges which were located at an NOB of

15 feet which scaled to 25 feet for a 1 ,000-pound equivalent cha rge

confi guration. Event 12 , which also utilized 216—pound charges , was

detonated simultaneousl y so as to determine sca leabi l ity to 1 ,000-pound

charges used in Events 8 throug h 11 , i.e., (w8/wl2) 1/’3. Event 8 charge

confi guration and its real surface were closer to Event 12 than any of

the other three 1 ,000—pound events; therefore it was used for compari-

son purposes . Fi gures 3.28 and 3.29 show how well. the two events scale.

Since no i deal reflective surface ex ists during nonsimultaneous

detonat ions , only rea l and FA position-time data were available. No

position-time data were obtained along the real reflective surface

from Event 15 due to poor ambient li gh ting which prevented good shock-

wave resolution .

3.2 PEAK PRESSURE DATA FROM EVENTS 8 THROUGH 16

DRI Peak pressure values presented in Tables 3.1 throug h 3.10

were calculated by a veloc ity method using photographic position-time

data. Their values were determine d by employ ing the well known

Rank ine- Hugon iot equation :
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P = P0 (2 ‘~/ ( ‘  1)) [ (v/c) 2 
- I]

- H e re : P is thc peak overp ressure  above atnos~~h c r i c  (psi)

P0 i s the atmospheric pressure (psi)

is the ratio of specific heats of air

V is the shock veloc i ty

C is the calculated sound ve locity at detonation

The val ue of ‘
~ 

varies ~i i th the peak pressure and onl y sl i gh tly

,‘~i t h i n  the photocjraphed range cf shockviave velocities ,recorded du r ing

Even t s 8 throug h 16. Even thoug h t h is  var ia t ion ~iJS snail i t nas taken

i n t o  a c c o u n t  in the peak pres’~ire ca icu l ation .s using da ta from NAVORD

Report 6075 (Ref . 5 ) .  Wi thi n the range of peak pressures de term ined

herein , ~ varied fror l.~40 2 to 1.396.

The sonic velocity (C) at the time of detonation was calculated

us ing the exp ress ion :

C 1087.6 + 1.99 t

-.ihere : C is t h e  sonic ve loc it 1 (ft/sec)

t is the a L i e n t  te’~~t ’ rature (degree5 centi grade)

The amb i ent t ct - per d t un’s it  the time of de tsn at ion varied fron + 22.9

to -19. 1 °C.

The inst an tA ln eous velocit ies (V’ s) u’-,e d in the peak pressure

c -il c u la t ions were deter - - m e d  from the sl opes alon g the curve fit to  the

position—t ime Jata it  th e dist ances pre t ’n teil in Tables 3 .1 throug h 3.10.

Second— r’~er po l ’-,norii i .ii c u r ’ I ~’ i t ’ 1 ~uA ’ r A 5 i i i ’  t i  the a rriv , il — t i r e  data

employ in g the Iea st—s qu ir c ’ ‘ n t

H (
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The DR I photographic values of peak pressure compare well to the

BRL gage data . Generally, the best comparisons occur at the mid -ga ge

d i s t a n c e s  (50 and 60 f e e t ) .

3.3 REFLECTION C O E F F I C I E N T  FROM EVENTS 8 THROUGH 1 1

The reflec tion coefficient (K) is defined as the ratio of wei ght

of a char ge in free a i r  to the wei gh t of a charge fired near a reflect ing

s ur f ace so tha t equa l pressures are ob tained a t equal rad ia l  d i s tances

(Ref . 6).

Consider: W = wei gh t of charge

R = radial distance

= s c a l e d  r ad i a l  d i s t a n c e

By defini ti on :

- 1/ 3
f — R~~/W~

The se are free air conditions where is the scaled distance

f rom the center of the cha rge in free air.

IA I 50
) = P /14

rn in

These are Mach-re g io n conditions where is t~~ e scale d r a di al
m

d i s t o c e  fr 01 ’ - the center of a spherica l charge (to the r~~1 l e c t i n q  sur—

f~~c in the Mach— req I on)

So that fo r:

R
f~ 

= P

th en  
1/3 4 1/3

,irid f o r  W~, 1 lb.
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W f 
1/3 =

or 
W f = (~~ /~ f)

3 = K

Since the charges in the DIPOLE WEST Series were detonated at an

altitude of approximately 2,320 feet above sea l evel , the peak pressure-

dis tance va l ues were adjusted to sea leve l by the well known Sachs

S c a l i n g  law (Ref. 7 ).  These al titude scaling l aws , as presented in

Ref. 7, assert tha t in moving a charge of constant weight from one

amb i ent pressure (P1) to a hi gher amb i ent pressure (P2) the bla st wave

at any distance R 1 is transformed into another blast wave at a lesser

d i s t a n c e  R2 where :

R2 = R 1

an d the peak overpressure is increased in a ratio (
~ 2~

Pi ) or :

P
2 

= P 1

For the four events analyzed here the ambient pressure (P1)

varied fron 13 . 49 to 13.68 psi.

The follow ing tabulation presen ts  parameters  used in the calcu-

lation of the average reflection coefficient for the idea l plane f o r

Event 11 adjus ted to sea level and one pound equivalent weig ht.

4he re :
R radial distance fror cha rge at site

P calculated peak pressure at site

Rm radial distance adjusted to sea leve l

calculated peak pressure adjusted t o  sea level

~m ~m 
scaled to 1-pound

~ 
fre e-air distance for 1-pound equ ivalent wei ght
at sea leve l for specific va l ues of

88 
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At Site Adjusted to .4,
(2320 ft) Sea Level Scaled to 1-Pound ’

R P R~ Pm Am A f
(ft) (psi) (ft) (psi) (ft/w 1 13) (ft/w 1 !3) A m/ I

~f

51.4 70.5 49.0 75.7 4.90 3.53 1.388

55.9 62.3 53.3 66.9 5.33 3.70 1.441

60.4 54.2 57.6 58.2 5.76 3.92 1.469

65.0 46.0 62.0 49.4 6.20 4.13 1.501

69.6 37.8 66.3 40.6 6.63 4.49 1.477

74.3 29.6 70.8 31.8 7.08 5.00 1. 416

79.1 21.4 75.4 23.0 7.54 5.80 1.300

83.8 13.2 79.9 14.2 7.99 7 .25 1.102

~
‘1Ref . 6 Average 1.387

The average value of A
~
/A f is 1.387. The va l ue of K is (1.387)~

or 2.67, i .e., the 1-pound charge appears to have a wei ght of 2.67 pounds

when its peak pressure output is measured along the ideal reflective

surf ace.

Table 3 .11 presents reflection coefficients for various surface

material. Note that for both DR I and BRL data the i deal plane reflec-

tion coefficients for the different HOB ’s (15 and 25 feet scaled to 1.5

and 2.5 feet for a 1-pound charge) were , as expected , generally greater

than from a concrete surface. Unexpectedly, the smooth hard surface

had hi gher reflection coefficients than the concrete. The rough surface

for Events TO and ii had reflection coefficients greater than DRI ground

(grassy, irregular surface found at 10 ,800 feet in the Rocky Mountains)

and DR I snow (undisturbed snow having a density range from 0.11 to 0.35
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gra s pet ’ cubic centi - ’e t e r , found at the sane 10 ,800 foot site , Ref . 8)

b ut sr - - al t er than for the smooth and concrete surfaces.

TABLE 3. 11

Reflec tion Coefficients for Various Surface Materials

DIPOLE 
‘ A

DIPOLE WEST WEST Concre te ” Ground ” Snow ’”

Event HOB Surface DR I BRL Average BRL DRI OR )

8 2.5 Ideal 2.15 2.~i7 2.31 2.32 1.88 1.50

8 2 .5 Smooth 2.49 2.25 2.37 2.32 1.88 1.50

9 1.5 I deal 2 .58 2 . 4 8  2 .53  2 .02  1 .65 1. 40

9 1.5 Smooth 2.38 2.16 2.27 2.02 1.65 1.40

10 1 .5 Ideal 3 .15 2.1 3 2.64 2.02 1.65 1.40

10 1.5 Roug h 1 .86 1.73 1 .80 2.02 l.b ~ lAd

11 2.5 Ideal 2.67 2.33 2.50 2.32 1 .88 1 .50

1 1 2 .5 Roug h 2.01 1.87 1.94 2.32 1.88 1.50

Ref . 6
Ref . 8

3.4 TRIFLE-POINT PATHS EVENTS 8 THROUGH 16

The ro rizont al and vertica l positions of the path of the

tri ple -point (intersection p oi nt of the incident , reflec ted and Mach-

reg ion shockwaves) - ac r e  ob ta ined  pho tog ra ph ica l l y  at the s i r e  t inc as

the Mach-reg ion shockwave transit along the ref le ctive surfaces. The se

data are presented in Fi qur es 3 .34 throug h 3. 11~~. A l l  da ta ~-jere scaled

to 1 ,000— pounds . Figures 3 .34 and 3.35 indicate that the tri ple—poin t

p i th has gr eA r ter slope (also a f a s te r  r i s e  w i t h  t i r e ) f ror’ the idea l
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